Purpose Expanded carrier screening (ECS) is an available component of preconception and prenatal care. There is complexity around offering, administering, and following-up test results. The goal of this study is to evaluate current physicians' utilization and attitudes towards ECS in current practice. Methods This was a prospective qualitative survey study. A 32-question electronic survey was distributed during a 1-year period to obstetricians-gynecologists who were identified using a Qualtrics listserv database. Results While more than 90% of physicians offered ethnic-based carrier screening (CS), ECS was offered significantly less (2010, 20.6%, and 2016, 27.1%). Physicians who were not fellowship-trained in reproductive endocrinology and infertility (REI) preferred ethnic-based carrier screening (95.9 vs 16.8%; P < 0.001). REI subspecialists were more likely to offer ECS (80%) compared to 70% of maternal fetal medicine physicians (MFM). Physicians were comfortable discussing negative results (53.6%) compared to positive results (48.4%). Most physicians (56%) believed that ECS should not be offered until the significance of each disease is understood; 52% believed that testing should be restricted to those conditions important to couples; while 26% felt that testing should be done regardless of the clinical significance. Conclusions Discussion and application of ECS has increased in clinical practice. However, lack of comfort with counseling and varying beliefs surrounding ECS continue to hinder its utilization. Further education and training programs, and subsequent evaluation are warranted.
Introduction
In the 1970s, carrier screening (CS) programs were introduced in ethnic communities with a high prevalence of severe recessive disorders, including Tay-Sachs disease in the Ashkenazi Jewish community, beta-thalassemia in couples from the Mediterranean regions, and cystic fibrosis in Ashkenazi Jews and Northern European Caucasians [1] [2] [3] .
Until recently, professional organizations recommended a condition-specific screening approach for providers to offer carrier screening for individual conditions based on carrier frequency in sub-populations (race and ethnic-based), condition severity, and detection rates. Technical limitations and cost were important considerations that limited screening to single gene disorders [4] . Currently, the American College of Obstetricians and Gynecologists (ACOG) recommends ethnic-based CS for all couples considering conception [5] . However, ethnic-based CS is difficult due to greater population mobility leading to fewer closed societies, inter-racial reproduction, global acceptance of adoption, and changes in adoption practices. These result in difficulties for patients to self-describe their race and ethnicity.
Recent high-throughput next-generation sequencing has allowed ECS at costs that are seemingly acceptable to many couples [6] [7] [8] [9] [10] . However, studies show that most obstetriciangynecologists (OBGYNs) do not consider genetic CS to be an important part of their daily practice. In many cases, providers do not offer patients CS at all and this has been attributed to lack of confidence and knowledge of the area of genetics [11] . As genetic technologies evolve and are encouraged to be incorporated into clinical practice, utilization and attitudes of physicians are increasingly important. At present, there are limited data describing provider attitudes around the implementation of ECS. We surveyed OBGYNs to assess current practice utilization and attitudes regarding the implementation of ECS into clinical practice.
Materials and methods
A prospective qualitative survey study was reviewed and approved by the University Institutional Review Board. From July 2015 to August 2016, an electronic and paper version of a 32-question survey was distributed to generalist OBGYNs, fellowship-trained specialists (MFM and REI), and OBGYN residents and fellows in training. Survey subjects were identified using a Qualtrics listserv database. Confidentiality was protected with the use of a unique identification (ID) number that was used on all data collection forms and when performing statistical analyses.
The survey consisted of domains to assess physician attitudes regarding medical and ethical aspects of ethnic-based CS and ECS in 2010 and in current practice. The survey addressed physicians' practices 5 years prior, which accounted for practice in 2010. Questionnaires with closed-ended questions were analyzed. The survey is attached in Appendix A.
Statistics
Descriptive statistics were computed for all items. Respondents were grouped for analysis using gender and years in practice (<5 years, 5 to 9 years, and ≥ 10 years). Statistical analysis was performed using IBM Statistical Package for the Social Sciences software (SPSS version 18.0, SPSS Inc., Chicago, IL). Categorical data were reported as frequencies and percentages with differences assessed by chi-square values. Significance was assessed at P < 0.05.
Results

Demographics
Two hundred ninety-seven physicians responded to the survey. Distributions were based on the number who responded. Gender broke down as follows: 29% (84) male and 71% (206) female. The average age was 38 years with a range of 23 to 76 years. Eighty-four percent (245) were Caucasian, 7% (20) were Asian, 4% (13) were African-American, 2% (5) were Hispanic, and 3% (8) self-reported as Other. Current level of training included 55% (n = 160) Residents, 4% (n = 11), Fellows, 24% (n = 71), Generalist OBGYNs, and 17% (n = 49) fellowship-trained Subspecialists. The number of years in practice ranged from less than 5 years, 54.2% (n = 158); 5-9 years, 8.0% (n = 26); and ≥ 10 years 36.8% (n = 107) (see Table 1 ).
Comparison of ethnic-based CS and ECS offered between 2010 and 2016
A significant increase in those offering exclusively ECS occurred between 2010 and 2016 (20.6 vs 27.1%, P < 0.01). However, the overwhelming majority of physicians continue to offer ethnic-based CS only and/or combination of both, based on history (2010, 98.3% and 2016, 98.8%). Subspecialists were and continue to be more likely to offer ECS than all other physicians surveyed (2010, 36.7%; 2016, 57.1%; P < 0.001).
Overall, no differences were noted whether ECS was offered pre-or post-conception for all physicians excluding residents in 2010 (20.6 and 24.1%) and 2016 (19.8 and 27.1%). However, Generalists and Subspecialists were more likely to offer preconception ECS (9.9 vs 25.4%, P < 0.05 and 6.7 vs 57.1%, P < 0.05) and post-conception (21.1 vs 39.4%, P < 0.05 and 22.4 vs 34.6%, P > 0.05) in 2016 than they were in 2010. 
Practical issues regarding ethnic-based CS and ECS in the clinical setting in 2016
Physicians in training (Residents (54.3%), Fellows (54.5%)) are less likely to address genetic screening in the office than Generalist (88.7%) and Subspecialists (87.7%, P < 0.01). Nurses from Subspecialists' offices were also more likely to address ethnic-based CS/ECS (42.9%, P < 0.001) compared to other nurses from other practice settings (see Table 2 ).
Notification of either negative or positive results occurred more frequently with an office appointment (32.2 and 44.3%, P < 0.05) compared to either phone call from a physician (23 and 29.6%), nurse (28.8 and 9.6%), genetic counselor (15.4 and 25.4%) or a letter-email (14.4 and 2.7%). Genetic counselors were used to discuss negative results (15.4%) and significantly more for positive results (25.4%, P < 0.05; see Table 3 ). Overall, more physicians were comfortable discussing negative results (53.6%) compared to positive results (48.4%), though only 196 responded to the question about encountering positive ethnic-based CS/ECS results. All Residents (25 vs 40.6%, P < 0.05), Generalists (36.3 vs 45.5%, P < 0.05), and Subspecialists (53.1 vs 79.5%, P < 0.05) were significantly less comfortable discussing positive compared to negative results (see Table 4 ).
Personal feelings surrounding ECS in the clinical setting
Overall, 56% of physicians believed that ECS should not be offered until the significance of each disease is understood, 52% believed that testing should be restricted to those important to couples, while 26% of physicians felt that testing should be done regardless of the clinical significance. These findings were more apparent in Generalists (83%) compared to Residents (41%), Fellows (54%), and Subspecialists (65%) (P < 0.05).
Approximately two thirds of physicians felt that couples should have counseling if both were carriers of the same disease, 38% felt that couples would refer to an infertility specialist for pre-implantation diagnosis discussion, 31% would suggest a CVS or amniocentesis, post-conception, while 15% thought a couple should consider adoption. Residents were less likely to direct patients to counseling (50%), refer to an infertility specialist (28%), and suggest a CVS or amniocentesis (26%) (P < 0.05). More than one in four subspecialists (26.5%) thought that adoption should be considered (see Table 5 ).
Gender and years in practice when considering ethnic-based CS/ECS
No differences with respect to gender or years in practice were noted for those who preferred any type of genetic carrier screening. However, males preferred ECS compared to females (27% vs 13%, P < 0.01), while providers with < 5 years of experience (9.5%) were less likely to offer ECS compared to those between 5 to 9 years (23%) and ≥ 10 years of experience (26%, P < 0.001).
Discussion
Carrier testing is aimed at identifying couples at risk of having a child affected by severe heritable conditions. Identification of carriers allows couples to choose fetal testing and then to make informed reproductive choices. The screening paradigm has evolved with high-throughput technology to facilitate screening an expanded number of conditions and variants. Professional organizations including American College of Medical Genetics and Genomics, American Congress of Obstetricians and Gynecologists, National Society of Genetic Counselors, Perinatal Quality Foundation, and Society for Maternal-Fetal Medicine now acknowledge the availability of ECS [12] . Our data suggest that in the last 6 years, most providers still preferred and offered ethnic-based CS to patients, while ECS remained underutilized (except for REI Subspecialists) with approximately one in four providers offering this screening. More than half of providers also felt that ECS should not be offered until the clinical significance of each disease is fully understood. In general, physicians were comfortable discussing negative results compared to positive results. Males and providers with more experience were also more likely to offer ECS.
Previous studies suggest there have been multiple practical challenges with the implementation of ethnic-based CS into routine clinical care. This includes an ACOG survey from 2000 where 24% of ACOG fellows (n = 564) did not routinely review family histories at GYN visits, 39% rated genetic diseases as last among priorities in the office, and 66% felt undereducated about counseling. In this study, only 20% provided genetic counseling to their patients [11] . Morgan et al. also reported that almost one half of physicians did not ask nonpregnant patients whether a family member was diagnosed with cystic fibrosis. In that study, physicians had concerns related to knowledge of CF and the ability to interpret a positive screening test as reasons for not incorporating cystic fibrosis screening into clinical practice. Moreover, physicians expressed the need to minimize the complexity of clinical guidelines for population-based genetic screening and continuing education [13] .
Other issues and concerns that have been reported include time constraints and the need for more educational support and materials [14] . Benn et al. reported that only one-third of providers were comfortable with pre-test counseling and less than 25% were comfortable reviewing results [15] . The main concerns reported included the time needed for counseling and coordinating follow-up studies as well as comfort with counseling after a positive result. Interestingly, the knowledge deficit that physicians report is inconsistent with at least one study on physicians' knowledge around ethnic-based CS. Ready et al. reported in ASRM and ACOG survey-based questionnaire that physicians felt they had adequate knowledge about carrier screening in general [16] . Together, these studies suggest that physicians may have the knowledge base but do not feel comfortable providing counseling (83%) and/ or a consultation (78%) would be essential [16] .
Thus, the major barriers that exist for routine implementation of ethnic-based CS appear to exist for ECS. Our results show discrepancies with knowledge and comfort as more than 50% were comfortable with ECS counseling, and slightly less than one half were comfortable with discussing positive results. Moreover, a genetic counselor was only offered to 15% of patients after a negative result and 25% after a positive result. Another barrier may be that physicians believe that testing should only be offered for clinically relevant disease testing which is like the findings Benn et al. [15] . Our finding that males were more likely than females to offer ECS is consistent with other medical literature regarding gender differences and medical decisions [17] [18] [19] . These appear to be real and their impact regarding ECS needs to be further explored. Whether ECS panels should be offered without known clinical significance is a challenging topic. Previous literature by De Wert et al. has eloquently discussed that the moral compass is directed by whether the goal is prevention of genetic diseases in society (beneficence and nonmaleficence) versus patient autonomy to make reproductive choices [20] . The impact of the knowledge as carriers of an unknown genetic finding also has been the potential for creating a stigma for those who are positive carriers as has been reported in preconception Tay-Sachs screening programs in the orthodox Jewish community [21] . Technology in general creates ethical dilemmas as guidelines for utilization lag behind the ability for enhanced throughput [22] . ECS is another example of advancing technology which has accelerated faster than ethical considerations can be explored, and guidelines will continue to evolve regarding utilization of ECS [22] .
The strengths of our study include that all surveys were anonymous, increasing likelihood of truthful responses. Furthermore, the survey was distributed nationally, giving a wide geographic distribution of thoughts and beliefs to closely represent that of the current practicing OBGYN physician body. Distribution across multiple levels of experience also allowed for sub-analysis of different practices among specialists and years of practice. The potential weakness of our study is that this survey has not previously been validated. There are types of errors in survey-based research which includes coverage, sampling, nonresponse, and measurement. Additional limitations of our study are that most physicians practice in an urban setting, thus limiting the generalizability of our findings to nonurban settings. Approximately half of the respondents were in residency training where some of the viewpoints may reflect their program rather than individual beliefs and practices. The time required for reviewing ECS results and the cost of ECS was also not investigated primarily due to study design. The survey design allowed for incomplete answers and percentages reported included non-responders. Given that the survey was electronically distributed, clarifying responses to physician answers could not be obtained. Additionally, as the survey only captured physicians' opinions and attitudes at one given point in time, tracking future trends would be timeconsuming and costly.
In conclusion, our study has shown that ECS has increased in clinical practice over the past 6 years, yet the number of physicians offering ECS remains significantly less than ethnic-based CS. ACOG committee opinion March 2017 desires an increased role in genetic screening and states that ECS is an acceptable method for evaluation [5] . Further, there is a lack of recommendation of who is the best counselor. If physicians are going to be the primary counselors, further education is needed to prepare them for this role to improve comfort and competence. However, what this training entails and when it occurs is topic of further investigation. Lastly, further education and training programs are needed to recommend when ECS should be offered in clinical practice as a disconnect exists between when physicians believe ECS should be offered and what is occurring in clinical practice. Overall, while utilization of ethnicbased CS and ECS has increased over the past 6 years, it is still far from standard of care.
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